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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide positioning 
signal transmitting equipment, a positioning apparatus, 
and a positioning system capable of utilizing two or more 
frequency bands effectively and having higher reliability. 
SOLUTION: At a GPS satellite 100 and a PL transmitter 
200, carrier waves in L1, L2, and L5 wave bands are 
modulated by an SOC modulation system and a BOC 
modulation system on the basis of C/A and P codes, 
and positioning signals up to twelve kinds are generated 
and emitted into space. At a receiver 300, a plurality of 
these positioning signals are received, and the states of 
reception of the positioning signals in each wave band 
are monitored by a signal monitoring section 304a. From 
data on positioning based on positioning signals whose 
reception states are good, positional information on the 
apparatus itself is calculated. 
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Tij&i' (o^t-k // / 7 : 3 m-mm3m i: . mmjE^y ^ - k j: o b o 

C (Binary Offset C a r r i e r ) ^Ji^xmUXmsmi^Ltm^ 

[ r p ] 

[ f Si ] 

< 1 i i I 1 30 

[ J t i] 

*4.ifl 1 ( difi*?) Bjf L-^t^a 

ii^'^mixm±pxqxrtii'o^z^mLn?>^mm^*-i:>n (p. q, r{i@Ma 

. n«p X q X rOT2ahiOgm) O'S^Pff-^^SMft-^t L-Tjifi-ri.jMfi^S^ 

nd 1T'J3:^^ "^-ni L L 2sS«^. ioJ;L»^L 5jfel=Sr^tf^ i: ?^^i:■r 

I. J IP ] 

fJndjf 1 )'ji'=f, ^'')^-} { C /A.3-N\ ioJ;l,'!"P3-KSr#t^«ItSrW^gfc-f SIf 
[„iJ PS] 

iinLshlP) 3£„n;jA? so C (Single Offset Carrier 

) Mi>JitKj;yBOC (B i nar y Offset C a r r i e r ) S^li^fiCSr-^ 
t. ; i: ar iS i § „-f fJS 5 (c„Btti7)|Sfigffi, 

wieifiga»^'«iiij; Di^m^mmizMw^ti. mimi3.mmmmmmzmm^iii 
::^o«aiwa(cJ:OKai$i^l.mrle«ii«&^^«-o't^TMi^^aa•tlfg*»iE1-l.»IE 
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at HcM<5rs^ 1 ^o^f <thi -:>(^^-imm}m mi jbsm ckt^u 

- H cOii--^ < 1 1, 1 -oco 3 - K (c J; 0 . m 1 Jbmm r ffy^-fj^m-fj: <bh\ -j(?mm 
*A'TigiiLT:t*pXqXrtfcOt«Uf|.^<l-^A^ibn (p. q, rmfm 

u! . P q . rWF2a±mpmL) co^m^z:muim^t ix^thmmm^± 

RUa<HIJfiiiu*i{3; 

[00 0 1 } 

*?eBJ{i, ^J;^aGPS (G 1 oba 1 Positioning System)^:i; 
[00 02] 

75 IJMH/ 0 !oMllzi^j;t.f2 0. 4 6MHz )fcJ:y>'L 2^1^(14' 

mAi) 1 2 2 7 (,MH/ !}rt"*2U 4 6MHz) *iffifflSixTV^I>. ;c03*.ilS§ 
-r ! LIAS" ^MSl(Cl#jf^$ifC V . 
[0003] 

^fA'{^Oii'i;.A(ZL JSlt^AT{±SOC (S i ng 1 e Offset Carrie 
r 1 jjA/^i^FfJ^iLTi^l... tf±ffl!l{::K{t^>it^GPSjMfi1ii: LTO>-l-F5-< h ( 
Pseudo - Li te) izauXhmmiZ. Ll'mHiiU^SOCIj^mm^tl 

[0004] 

tZ^X\ G P Si?)ig^t'fb&«3tt-|.Sj6^GP SSjm^l=a-ri.-OT{cis<r^Tffiig$ix^^^ 
. ^(^t^i}^X. Wmzii L 1 mm.WLf3iX^j:< L 2 jSlftii^ l>Krat^fti-§ - t ^/T'5iE 
$ L5}!i-^fr 1 76. 4 5MHz, m^24MHz) i 

mtziz^if zu ,]mizmikti,zbifmi5tixv^&^ ::ixr:gin', mMmiza 

UXh. -km^iX DT-5'e5S*pi7)®S.--vBOC (Binary Offset C 

11 I lei ^ A-t*^soc:^5tfc0f-ti-?iiffl$ii§ii:;:>^T^.$ixi,. B-o-yJuzii 

. .f^.Mc7i(. 1 1 i eoji'^fi;, BOC^m^mm-t&Zbiz^j:^X^-^l. 
[0005] 

H 0 0 6) 

[?I4^ „^ <p 1 ] 

loiiii Betz:"The Offset Carrier Modulati 

on for GPS M o d e r n i z a t i o n . " I ON -G P S 9 9 . J a n 
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1999. 
[0007J 

Capt. Brian C . B a r k e r . e t . a 1 : " O v e r v i e w of t 
he GPS M Code S i g n a 1 , " I OG- G PS 2 0 0 0 , M a y 20 
00. 

[0008} 

U ^ ftp hf^dil hif 7^y-j^,\\-i ) BiJt f ( \ 

-r i ;nnk W j LJ^ j^L^ =.1^ >i] n t i ( TT*; 

[0009] 

[|||l&IS*t-|>/^^*^i7)-f-K] 

leHSiOH-HiCtOBOC (Bi nary Offset C a r r i e r ) ^i:*r3t 

x'^mLxwstmm^^^m-mm^^^^b , mmiiLm^^^mzmiti 

[00 101 

d^f^Sarlltl.; t izl 0 , l^rf^OL 1 lyx 2i)S^c7)}iMfi-^fi(tt''jr< . 
L <ft4ff3rt.-fi- 3/^fflnfs5^2rTifflc; SOCS:jr.:{^-Ct-< B0( ^ 

Dlfetti -oT ^)iSI{2{i•§■^r^i£fi|-rl> .r bt^mUzti:h. n- F i; LtiiC/ A 3- Yii 

.')''l,J'i;;A'i-,ilA^-^j-tJ.2>::ti::J:»?« T 1 2jiOiOa!lG<i^*rffli>Ti-;:^-ri.Sr3 

[0011] 

: I f4 1? t ;L V:;fe(t co^. < I ^m\i,zh\ ^Xli'^mm/ ' Jil-mhim °(r>h-z: 

[0012] 
[^t"ll^)^!iS^^)ff5<a:] 

HHi, ifWMz\%hhm{%'^'XTJ^<nmm.<mm.-^^'^i^x=rjj^^^^ zo^iy 

XxAfi. GPSSiMlOO, i-^-F^^FMfiS (PLJifilS) 20 0. i-ilV^^m 
msOQ^mih. GPSWMl OOfcJ;VPLj*fi«2 0 0{i. L 1 ^^£7)SJ[iifi^ ( 
\Sf\^im^tm-h) , L 2-a=t£0«fifi-§- (0.TL2fi-^i:W;-tl,) . fcJ:l.<L5a 
^iOaSd-^ (OTLSfi^iS^-tl.) ^jiai-tl.. 5««3 0 0?i. Llft^. L2fi 

isit.''-. L5<i^5rgfiL.. n^(nmmm%^t^. tmmm^ziiK■^x^i. 

±ar^t^MS[fflE*l(-P LSffiji2 0 0 *f2SIS.$L. -ecOMflT>Ti-2 0 1 cr>m.m. 

^:=f»)^mizmmh 1 5 tt-i. . 

[00 13] 
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[00 14] 

U^2U Oil )PL3£(.-,1^2 0 0'7)-j^i|c7jJf?fiE^^-^7o y^HTrlil. R2U-Tbtl 
^>PLj/flg200h iiliiW Z.Mmz"i:^fS.'ri7ti^-i: -;U-5c -& 

Efet ^-;L 1 :i[lJc<.i./.<l|LtLS5ySJf-->^' L CT^ 7 + 20 1 ^ 

LTSrBli.lSl^ri> 5 --^--tf 6 1 5:fi7: a , 

[00 15] 

5£fr,C ^ -111' U"j'l Ikui la 1 b 5: (ix S L-^-tfekSf 1 1 U LI «iOffi 
L<^^L \i n^l')soL:XJtt5lCJEJLT^lcoa!|{ifiV*4fiS:-t-S. fS^4 
lOl hi Ll<i^y mxL<ik£:Pn- hlzX osoc-Kmij^xAMixm2coM&.is, 

^ifixT>'T-)-2oii)-t>^mizmM^tLi. 

[0016] 

mm=t'J^-/l-2i±. m'^^f&^2a. 2b^ffii.^. «-^^SE2a{i. L l»Olg 
ji^SrC/A3- HlcJ; '0BOC^mij^X'^mLxm3<^WMm^t:^&th. iS^^ 
mm2 bfi. L 1 ^^a)mm}&i P 3- H(C J: 0 B OC^m^T'StiLT^4£iDS!l{ifi 

^^rLTT>-r-f 2 0 1 }6»^>^ra(2®cM$ri^, 
[0017] 

«gK3 bJi, L 2»^<?)»)i^^ P 3- HtCj; '} S OC^-ii^/jsCT-ggli L T ^ 6 c^xafiVfi 
^ar«tl>. m5iiXlfm6<^mm^iii^^3 clzX^ i^i^yi^^tl. i^^6 

iifixTyTi-20 i7}-i^^mizmmta. 

[0018] 

3lfi^vA-A-4{i. mm.&^4a, 4bmil. H^^^m alt. L2i$.^mi 
M«^C ,/ A a-K{cJ:0BOC L Tig 7 iO«tef|^^«-f S < ff-sf^fe 
ftgl54 b!i, L 2»iOffij||}S2r P 3- KicJ; ') B OCSM^"itTMSLrmSiOil{)5.fi 

-?*4:)$-r§. m7i5xu'm8ff)mm^iti^-*r4cizx'0i^'^yif^h.. ^^^e 

^/MT7'>7-f2 0 1 »^^>^liif2S^St$TlS., 
[0019] 

C / A 3- K , iiXl/Pa-VizX D xixxii SOC $mij^X'$m LXW,9iiX 
If^mi Ocr)miiim%:±m-i.. ft^^itSPSbis, L5^1=«^ii«^&C/A3-F. 
P 3- K(C J; "5 ^ii^-flB O C^-pS-iCT'gEpLtm 1 1 Jzl^^'S 1 2coaifi«^^i^ 
■rS. ^QJbSmi 2<r)afi^t-f^sS^^f5c^:J;^3S=^v>^$^^. 5^■t6*:f^LT 

r 2 0 1 ^^i^s^tcstSt^fLi, . 

[00 20] 

mSlt, m2im^±fSMl a. Ib, 3a . 3 b , i3 i^B aiOj: OPSHt'^fK^^-T 

^ggcO-M^Mt-^.f < HStiJViT, miliLlW^lznm-t^l. 023MHzcO^ 
o-y^A^^iim^j-lifsl 1 , 'Mmm2 1 . 3 1 t^vi^l^itS.. ^B-JlHl llt^a-,^^ 

,x -y - >-±r&m 1 2 lax 7 - 'J 7.^^r)i-?i- ^^"-9. B§f jf - if ^7)iJfaT- 

[00 2 1] 
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mim 2 1 ^ n -y ^ §■ 3 - K h f c iz^x-mm lt ra^- 2 2 cttig 

■t&, i£aS3-K4^gP2 2{i3-Kb— hf cCJEt7tC/A^itJ±Pra3-F^^ 

y>. -y-b-iyliti- J iX7 ^ 5 0 rfr LT;JSJBSf5$ix, ^{fisSi^)4'^^iict-^'^5to S 
OCft^*J£4£)t$it*. ^-^3n-.^ vX7 ^;L.3' 5 0 O^ftfttfeit-I. f ii^-r 'J rjil«f 

B n' y H»J^T* ■?> . 
[00 22] 

?ffgS3 ] li, ^o-y^'lr^fy^-r 'jrjlM»f s(3^T'SfiLT^«S3 2^ffiiW--i. 
[0023] 

114 J±, [12c7)ft4H-^i:)j!<;^5{;2 a, 2b, 4 a, 4 b, feJ;c,'-'5 biOi •}Pa)<i-«*^p-^r 

i iTiifi-'isas^jMcoi it <r>Pi^mth .. tt^io oia4{i, B oc'^^ii^rjtica-Q'< ai 
mm^:':^m-him-±i&.M^<^)~^^m\i:m.. m'Hzii\,-^x . s^-9-4 itciotfKs 

JiiiSa f s o-if -Y y^hSS^ixl,, UxizX ''')^m7m^^z\;-9^^'<^-x;iy }i 
BOCm^ffi^^tlh. 03. 04{Ci3V>T4^$ix;t'<-;^>'N'yKi;OSOCft^, B 

[0024] 

m5[i. ICD-GPS-2 00C(cSo'<*^n-HfccktXSOC^iffliO:fr^^5n-r7' 

vyh'{cKtTU-fe-yh3vyFS-±gtL. Z;*'>y:5'6 1 fei:yx;K-y:J"J-b-y hgP6 
3C.^i.|,<. X,-K-y^"J-fe-y hg|56 3ii, U-b-/ h«^*r3-F^^36 5 . 68fC4^ 
1.0 #3-K:^^gP6 5, 6SJi. %m^l 2t-h^-thtlh^ti'y9l<zm-^\^xm3 . 

mAiz^r^Ltz^mtcn^zk 'ymMm^m-h. 

[0025] 

t o/f/ |;.L )^ Xf ^(^/-''^^^L 1! f 2L / f]^ I 

[ 0 0 2 6] 

J-I +fj*xaf(>S ULi-f?l -1 3-tKab7(2i:0&JR^iu JulSb 6 

/n :?f*}i -f " 1 ii tft tij" 2 J?- ^ii&^D yj^tSot^T^'n 
[0027] 

fi.J"0 3. ^tfr" ^2 3*7 /trl OiC -If' 1 0 2 3MH 

F^?-^-S-4jtL, Wf§7 4JoJ;l,'x4t'y^'^aiP7 7!c4Jtl>, x*' y^'1^iil^7 7ti 
lKHz»X:J^•y;?ffllSS::^-;^F^5#*^^,:t^L, :}i-J^^7 6(c4i.^, ^Jlli76{i 
x.-K y^'ftlS2rl/2 0iC:5t^L. 5 DHz<7){l^S:7-'-^'^*^-ft:gP7S{l4i-l.c r- 
:?i?-t«7 8J57 3r--?-yFf--^'^5 0H2fi-fCietT^?-^-ftL, j!D»g74, 7 
5{c-^.t^. MSI7 4il3--;t.F|?^fc«-tftT-^fc^3ngLTa5*tl.. »II7 
5aS^i?D-y:?fc3'-yUFfl^^i:Sr3lPi:LTa3:^j-ri,. icoJ: 3i-:^3ttc{i5VK Hi c?) 
PLMfi«2 0 0Ct>i,>TC/A3-Fi3j;l,s'Pr?-F^:tfig.L, ::ix^>iOti^t;l{4^" 

[00 28] 
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m-^tlfzLI. L2. L5jg=Sf«7).^SIfifi-^*f|311iOGPS«Ml0 0i3j;yPLi^fi-^ 

2 0 0 / M , !rat?/L/^ 1^16 izh'. > c T >-7-h 3 0 1 iz^m-t^^mmmmm^^ 

§ffliaiI3 0 3 1 - 3 0 3 n (C^e^l-mAijtiil^ , 
[00 29] 

fflP/Ji53 0 3 1 -3 0 3 n!± 'llL'lfic^mai^^iZ/tl'CWWM'krn ' ffltifif {3 
^iicl>?!ijm-^ar??i;Hi^^ femS7L/L<'0ija r— iM94fl^3 0 5 ^/M-C, 

;i*ji}ff5Var-iMVflJii?p3 0 5iz-t}-z.K, iT}')?! zxmzf'i' 0 5im^^z.mwmmzm 

MIfJI3 0 4 fc4x-?>. ilJfi5L«iill!3 0 4i±, -^-t hixtzM&f-i^t^h'^E.'SOm.^m 
[0030] 

CS'Jie.t^-mMgTli. GPS»||1 OOfci:yPLJMftl2 0 0tCi3V^T. LI, 
L2. L5^#i0ffiiM^5rC/A3-FfcJ:L'fP3-h'{cS'J|;SOCS^Ii:^r5t, 

3 0 0 (ci3v^T{iiix^.coffiist<7)a!Kjift^^S{iL . it^^-i^m oAaizx *-)m^ 
(7)miiLim<r>^mm^i=E~:$'ti, ^lx. ^mm:mmmm^izm':^<miiLT 
-9t-^^S(om.mmm^n\iii-?>xdizix^^i>, 

[00 3 1] 

-} H\ j^m^^sxit) izx^^i^x^t.<-j:'yf^imf'<^txLmiiLi:wmx' 

[0032] 

tfz. LI Prj-K, L2 Pn-F, C/Aa-FteJ:t»>'L5ffl3-Fi5;, l!a#:7.)L 
-)( "^^ -f 7 f } j/LB;200/ ^i^isf-ffc) .Icoitfcio-CL.K.'jil 
[ 0 0 3 3 ] 

L t+ttff t^i':*-' 7 ri Srffls, - KS:£7)"^ ^PGPS (DGPS) ilJ 

mm^m^m ■ mim^^m&um'K<;)mmi}mwx'^i,. 

[00 34] 

ai-^tkubht^mmm^zxtiif. mm(^m&mw*:m}izmmx'^ib t uzmm 

[0035] 
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[0036] 

[02 ] 0 1 c7)p L3ifs®2 Qo<r)-m.m<nmm^^-f^m.7'x:i ■79m. 

m3] m2<nm^^& la. Ib. Sa. 3b. J:t.'''5 aWi OPSffl^rmjS^^if^-r 
[04] ll20{t-t4ESf2a, 2b. 4 a, 4 b. *5J;L<5 b«7)i; 0fiF»^E5riK-r 
[US] ICD-GPS-200C (C.S-'3-< :^rit:3 - Kfe It/'S OC^|icO:^5e?:^t7' 
[ y b ] S j5 Lfe 3 U n c7)-^Sfi ) Jf^fS ^ h '-rvfjg^ a / 0 

1 j/f.A -^-li ilb2j2b^i3b434b5 S 
b--fl^-ife.B£d5, Ic. 2c, 3c, 4c, 5c--5=^-9\ b-'S^f-y. .1 l-jj-Jflf. 
12 7-^':^/t.- fljk.H 2 1 •> j4f„5S 2 2 jlTSia-hifiStgS. 3 2 
^iiS. 40-Sdf-'^\ 4 1-S^-t- 5 0-a-A;x7-f^lx^ 6 1 •••7;^7'»:?. 6 

2 ')-L I ; ^ Mt f;i.,?t! 63 i. 'J-fe y h^i. b4 X,K /i?:^|±lgp. 6 5 

. b;s-:i ^a-iRfcSt, 66-jDm#ff. 6 7-a- HillRgp. 6 ^ U-b v hS5 

74. 7 5-«§s. 7 7-X.-K-y^'^^a}g5. 7 8--f-:J'^?^fl:gP. 10 0-GP 
S^'M, 2 0 0-i>^-K5-^ hj*fl«. 20 l-iMmrVxi-. SOO-SflS. 3 0 
l-T>-r-^. 3 0 3 0 4-S!l^agi5. 3 04 a-fi#q£r.:?*p. 

3 0 5--tJJi9§/..5!lSgP. 3 03 1-3 03n-fflWgp 
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